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Domain wall / QFT correspondence

[H.J. Boonstra, K. Skenderis, P. Townsend, 1999]  

holography for Dp-branes

AdS / CFT  case

[Günaydin, Romans, Warner, 1985]  D3 IIB AdS5 x S5 d=5, SO(6)

gaugings of maximal supergravity

D6 IIA AdS8 x S2 d=8, SO(3)

D5 IIB AdS7 x S3 d=7, SO(4)

D4 IIA AdS6 x S4 d=6, SO(5)

D2 IIA AdS4 x S6 d=4, SO(7)

F1 IIA AdS3 x S7 d=3, SO(8)

D0 IIA AdS2 x S8 d=2, SO(9)
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[Günaydin, Romans, Warner, 1985]  D3 IIB AdS5 x S5 d=5, SO(6)

Domain wall / QFT correspondence

[H.J. Boonstra, K. Skenderis, P. Townsend, 1999]  

holography for Dp-branes

1998

[Hull, 1984]  

[de Wit, Nicolai, 1982]  

???

[Pernici, Pilch, van Nieuwenhuizen, 1984]  

[Salam, Sezgin, 1984]  

gaugings of maximal supergravity

D6 IIA AdS8 x S2 d=8, SO(3)

D5 IIB AdS7 x S3 d=7, SO(4)

D4 IIA AdS6 x S4 d=6, SO(5)

D2 IIA AdS4 x S6 d=4, SO(7)

F1/D1 IIA/B AdS3 x S7 d=3, SO(8)

D0 IIA AdS2 x S8 d=2, SO(9)

warped

try to construct the SO(9) 
theory ...
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1999  :  constructing SO(9) supergravity

[Hermann Nicolai, HS]  
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19981999 :  trying to construct d=2, SO(9) supergravity

two-dimensional supergravity is particularly simple :

L = − 1
4

√
−g !

(
−R + tr[PµPµ]

)
+ L ferm(" I , " I

2 , #Ȧ)

      coset space sigma model E8/SO(16) coupled to dilaton gravity

but has a remarkable structure :
(infinite tower of) dual scalar potentials         ! µ YM ≡ "µν Jν

M

classical integrability, affine Lie-Poisson symmetry E9

etc. conserved E8  Noether current

off-shell symmetry : E8      can we gauge a subgroup SO(9) ??
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2000 :  trying to construct d=2, SO(9) supergravity

    introducing vector fields ?   (non-propagating in d=2)

δAµ
M = 2 VM

IJ (øεIψJ
µ ) ! i! I

A úA V
M

A (øεIγµχ
úA)

we can introduce 248  (= dim E8)  vector fields on which
supersymmetry closes provided that                    !                (origin : d=3)Fµν

M = 0

    gauging requires Yukawa couplings and fermion shifts

!" I
µ = Dµ #I − gAIJ $µ #J etc.

with scalar tensors                        depending on scalars and dual potentials !AIJ (V, YM )

DµYM ≡ ! µν Jν
M

non-abelian duality relation 
implies non-trivial consistency relations [Fµν , Y ] = ! µν (Dρ Jρ) ∝ ! µν " VVpot

surprise no 1 : consistent supersymmetric system of field equations !
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2000 :  trying to construct d=2, SO(9) supergravity

surprise no 2 : group theory determines all possible gaugings !

    minimal couplings and the embedding tensor

Dµ ≡ ∂µ − gAµ
M ΘMN tN

ΘMN ⊂ 1 + 3875

SO(8) ! SO(8) distinguished compact gauge group 

J
H
E
P
0
4
(
2
0
0
1
)
0
2
2

gauge group G0 N = (nL, nR) background supergroup GL ×GR
SO(8)× SO(8) (8, 8) OSp(8|2,R)×OSp(8|2,R)
SO(7, 1)× SO(7, 1) (8, 8) F (4)× F (4)
SO(6, 2)× SO(6, 2) (8, 8) SU(4|1, 1)× SU(4|1, 1)
SO(5, 3)× SO(5, 3) (8, 8) OSp(4∗|4)×OSp(4∗|4)
SO(4, 4)× SO(4, 4) (8, 8) [D 1(2, 1;−1)× SU(2|2)]2

G2(2) × F4(4) (4, 12) D 1(2, 1;−2/ 3)×OSp(4∗|6)
G2 × F4(−20) (7, 9) G(3)×OSp(9|2,R)
E6(6) × SL(3) (16, 0) OSp(4∗|8)× SU(1, 1)
E6(2) × SU(2, 1) (12, 4) SU(6|1, 1)×D 1(2, 1;−1/ 2)
E6(−14) × SU(3) (10, 6) OSp(10|2,R)× SU(3|1, 1)
E7(7) × SL(2) (16, 0) SU(8|1, 1)× SU(1, 1)
E7(−5) × SU(2) (12, 4) OSp(12|2,R)×D 1(2, 1;−1/ 3)
E8(8) (16, 0) OSp(16|2,R)× SU(1, 1)

Table 3: Background isometries of the maximally supersymmetric ground states.

made explicit in (5.16) and table 2, respectively, by designating the simple factors of

H0 with the corresponding sub- and superscripts. In fact, the only gauge groups for
which the two factorizations (6.7) coincide are the compact group (5.12), the group
G2×F4(−20) from table 2, and the gauge group E8(8) itself. For the noncompact gauge
groups E6(6) × SL(3), E7(7) × SL(2), and E8(8), we find H0 = HL, i.e. GR reduces to
its purely bosonic AdS part SU(1, 1)R. Another particular situation arises for the
noncompact gauge group SO(4, 4)×SO(4, 4), where the supergroups GL,R themselves
are not simple but direct products of two supergroups, respectively.

The complete list is given in table 3, where we have summarized the background

isometries of the maximally supersymmetric stationary point V = I for all the three-
dimensional gauged maximal supergravities constructed in this article.

Let us emphasize that this table presumably represents only the tip of the ice-
berg as we expect there to be a wealth of stationary points with partially broken

supersymmetry for “small” gauge groups G0 ⊂ E8(8). On the other hand, for “large”
gauge groups stationary points will be more scarce. As a special example, consider

the extremal theory with noncompact gauge group E8(8), for which the potential
becomes just a (cosmological) constant, and does not exhibit any stationary points

besides the trivial one. In this case V = I may always be achieved by gauge fixing
the local E8(8) symmetry. Even after this gauge fixing, by which the scalar fields have
been eliminated altogether, there still remains the “composite” local SO(16) invari-

ance rendering 120 vectors out of the 248 vector fields unphysical. Accordingly, the
theory in this gauge may be interpreted as an SO(16) Chern-Simons theory coupled

to 128 massive selfdual vector fields, each of which represents one physical degree of
freedom. In other words, with respect to the ungauged theory, the propagating de-

30

several maximal subgroups of E8

a
a
a
a
a
a





no trace of SO(9) ...  (no SO(9) singlet in 3875 )
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2000 :  trying to construct d=2, SO(9) supergravity

ΘMN ⊂ 1 + 3875

    minimal couplings and the embedding tensor

Dµ ≡ ∂µ − gAµ
M ΘMN tN

surprise no 2 : group theory determines all possible gaugings !

SO(8) ! SO(8) distinguished compact gauge group 

surprise no 3 : in fact, this is a d=3 theory !

surprise no 4 : there is a ‘simple’ Lagrangian description !

L = tr [PµPµ] + ΘMN AM ∧ dAN + . . .

gauged sigma-model with Chern-Simons coupled vector fields !

DµYM ≡ ! µν Jν
M ! MN F N

µ ! ! ! µ !" J "
M

non-abelian scalar-vector duality in d=3 [Fµν , Y ] = ! µν (Dρ Jρ) ∝ ! µν " VVpot
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2000 :  trying to construct d=2, SO(9) supergravity

Dµ ≡ ∂µ − gAµ
M ΘMN tN ΘMN ⊂ 1 + 3875

SO(8) ! SO(8) distinguished compact gauge group 

L = tr [PµPµ] + ΘMN AM ∧ dAN + . . .

gauged sigma-model with Chern-Simons coupled vector fields !

d=3 maximal gauged supergravity

    construction of three-dimensional AdS supergravities
    new AdS vacua
    holography & fluxes
    construction/systematics of higher-dimensional gaugings
    tensor hierarchies of non-abelian p-forms
    rigid supersymmetry, flat target spaces
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Dµ ≡ ∂µ − gAµ
M ΘMN tN ΘMN ⊂ 1 + 3875

L = tr [PµPµ] + ΘMN AM ∧ dAN + . . .

gauged sigma-model with Chern-Simons coupled vector fields !

2000 :  trying to construct d=2, SO(9) supergravity

SO(8) ! SO(8) distinguished compact gauge group 

d=3 maximal gauged supergravity

where is the SO(9) theory ?

12  years  later  ...
2012 : Golm, Hermann’s 60th birthday  ...
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2012  :  constructing SO(9) supergravity

[with Thomas Ortiz]  
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1  

248

4124

34752

213126

10575 04

      !        
       !
       ! 

vector fields

    d=2 supergravity has an affine symmetry group :  E9 = E8

Dµ ≡ ! µ − gAµ
MΘMA TA ! MA = (TB)MN ! AB "N

1 + 248 + 3875

    the embedding tensor transforms in the basic representation of E9

! M

248

1

1 + 2 · 248 + 3875 + 30380

2 · 1 + 3 · 248 + 2 · 3875 + 30380 + 27000 + 147250

       !        
       !
       ! 

hidden 
symmetries

shift 
symmetries

       ! ! !   248   248   248   248   248   248   248   ! ! !   

off-shell

    vector fields transform in the basic representation of E9

4124

1 + 248 + 3875
the ingredients in 2000 

d=3 gaugings
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vector fields

1  

248

4124

34752

213126

10575 04

      !        
       !
       ! 

    d=2 supergravity has an affine symmetry group :  E9 = E8

Dµ ≡ ! µ − gAµ
MΘMA TA ! MA = (TB)MN ! AB "N

    the embedding tensor transforms in the basic representation of E9

! M

248

1

1 + 2 · 248 + 3875 + 30380

2 · 1 + 3 · 248 + 2 · 3875 + 30380 + 27000 + 147250

       !        
       !
       ! 

hidden 
symmetries

shift 
symmetries

       ! ! !   248   248   248   248   248   248   248   ! ! !   

off-shell

    vector fields transform in the basic representation of E9

4124

1 + 248 + 3875

1248

34752

213126

       !        

       !
       ! 

the full structure: 
inf-dim HW reps
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    d=2 supergravity has an affine symmetry group :  E9 = E8

Dµ ≡ ! µ − gAµ
MΘMA TA ! MA = (TB)MN ! AB "N

    the embedding tensor transforms in the basic representation of E9

    vector fields transform in the basic representation of E9

! M

248

1

1 + 2 · 248 + 3875 + 30380

2 · 1 + 3 · 248 + 2 · 3875 + 30380 + 27000 + 147250

       !        
       !
       ! 

1 + 248 + 3875

the SO(9) theory 
can be identified !

1

vector fields

hidden 
symmetries

shift 
symmetries

       ! ! !   248   248   248   248   248   248   248   ! ! !   

off-shell

1  

248

4124

34752

213126

10575 04

      !        
       !
       ! 

4124

213126
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2012 :  constructing SO(9) supergravity19982007 :  gauging d=2 supergravity
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vector fields
hidden 

symmetries
shift 

symmetries

       !  !  !   248   248   248   248   248   248   248   !  !  !   

off-shell

1  

248

4124

34752

213126

10575 04

      !         
       !
       !  

4124
213126

   the SO(9) theory is a genuine d=2 theory
SO(9) ! E9SO(9) ! E8/

   the full gauge group is infinite-dimensional  (shift symmetries)

   the theory in the “E8 frame” looks rather miserable

J
H
E
P
0
8
(
2
0
0
7
)
0
7
6

figure 2. Similar to the discussion in the previous section, the lowest components 90, 36!
1/ 3,

1262/ 3 correspond to nontrivial fluxes associated with the vector fields in the reduction from

eleven dimensions. As manifest in the figure, these gaugings involve only shift symmetries

in the sl(9) grading.

We will be interested by the gaugings induced by the 45!
4/ 3. With a little effort one may

show that an embedding tensor in this representation automatically satisfies the quadratic

constraint (3.13). Namely, working out the couplings induced by this 45!
4/ 3 in figure 2, it

follows from the sl(9) representation structure that the lowest symmetry generators which

are involved in the gauging are sitting in the 800, the 842/ 3, and the 801. In particular,

the latter couple only to the 45" 4/ 3 of the vector fields.13 The form of the quadratic

constraint (3.13) then shows that its only nontrivial contribution can sit in the component

where M and N take values in the 36!
1/ 3 and the 45!

4/ 3, respectively, i.e. live in the sl(9)
tensor product 36! ⊗ 45! = 630! ⊕ 990!. Since there is no overlap with the representations

actually present in the square of this embedding tensor (45! ⊗sym 45! = 495! ⊕ 540!), the

quadratic constraint is automatically satisfied. We have thus shown that an embedding

tensor in the 45!
4/ 3 defines a consistent gauging in two dimensions. This representation can

be parametrized by a symmetric 9 × 9 matrix Y . By fixing part of the SL(9) symmetry

this matrix can be brought into the form

Y = diag( 1, . . . ,︸ ︷︷ ︸
p

−1, . . . ,︸ ︷︷ ︸
q

0, . . .︸ ︷︷ ︸
r

) , (5.12)

with p + q + r = 9. Such an embedding tensor gauges a subalgebra cso(p, q, r) of the

zero-mode algebra sl(9) in (5.10). The corresponding gauge fields come from the 36" 1/ 3.

For r = q = 0 this is the SO(9) gauging corresponding to the IIA S8 compactification

mentioned above. In addition there is the infinite tower of shift-symmetries accompanying

this gauging, starting from the full 84+2 / 3, a 44 inside the 80+1 , etc.

It is instructive to visualize this SO(9) gauging within the e8 grading of figure 1. In that

table, the SO(9) singlet component of Θ which defines the gauging is a linear combination

of the two SO(8) singlets appearing in the branching of the 38752 and the 147250 4 under

SO(8). In the e8 grading this gauging thus involves a number of hidden and zero-mode

symmetries. More precisely, the gauge group appearing in the Lagrangian (4.2) is of the

non-semisimple form

G = SO(8) !

(
(R28

+ × R
8
+ )0 × (R8

+ )" 1

)
, (5.13)

with the (R28
+ × R8

+ )0, and (R8
+ )" 1 corresponding to zero-mode symmetries and hidden

symmetries from level −1, respectively. From this perspective it is thus not at all obvious

that an SO(9) gauge group is realized. Instead, the “off-shell gauge group” involves the

maximal Abelian (36-dimensional) subalgebra of the zero-mode e8.

13 This can be seen as follows. According to (3.2) and (3.14) the vector fields couple to generators as

AM
µ (TB,M

N ηAB ΘN ) TA. Since ηAB is invariant under L1 , indices in the range A ! 801 couple to B ! 800 ,

i.e. in this case TB is just the SL(9). Since (5.11) is a decomposition into irreducible SL(9) components and

the indices ’N ’ are in the range N ! 45
!
4/3 (as this is the only non-vanishing Θ-component) the range of

indices ’M’ is restricted to M ! 45" 4/3.

– 30 –

in particular but

in particular the gauge group is 

aa

}

off-shell hidden (on-shell)

   go to a “T-dual frame” in which SO(9) is among the off-shell symmetries
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2012 :  constructing SO(9) supergravity

affine E8 with L0 grading

off-shell

shift

shift

shift

hidden

hidden

248+3

248+2

248+1

2480

248-1

248-2
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2012 :  constructing SO(9) supergravity

248+3

248+2

248+1

2480

248-1

248-2

10+630 8+38-3 28-2 56+1 28+256-1

breaking under SL(8) ! R+affine E8 with L0 grading

off-shell

shift

shift

shift

hidden

hidden

diagonal grading : !L 0 ≡ L 0 + 1
3qR
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2012 :  constructing SO(9) supergravity

off-shell

shift

shift

shift

hidden

hidden

affine E8 with L0 grading breaking under SL(8) ! R+

248+3

248+2

248+1

2480

248-1

248-2

10+630 8+38-3 28-2 56+1 28+256-1

diagonal grading : !L 0 ≡ L 0 + 1
3qR
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2012 :  constructing SO(9) supergravity

affine E8 with L0 grading

80+3

80+2

80+1

800

80-1

80-2

84+10/3

84+7/3

84+4/3

84+1/3

84-2/3

84-5/3

84’+8/3

84’+5/3

84’+2/3

84’-1/3

84’-4/3

84’-7/3

{off-shell symmetry
SL(9) ! T84

   “T-dual frame” :  

E8/SO (16)coset sigma model
!
SL(9) ! T84"

/SO(9)coset sigma model

with WZW term

:  decomposition under SL(9)
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2012 :  constructing SO(9) supergravity

!
SL(9) ! T84"

/SO(9)coset sigma model with WZW term

   “T-dual frame” :  

L 0 = !
1
4
ρR +

1
4
ρ Pµ abP ab

µ +
1
12

ρ1/3 MilMjmMkn ∂µφijk∂µφlmn

+
1

648
εµνεklmnpqrst φklm ∂µφnpq ∂νφrst

in fact this is the d=11 theory reduced on a torus T9  ...

! ρe! 1εµν øψI
2DµψI

ν !
i

2
øψI
νγνψI

µ ∂µρ !
i

2
ρ øχaIγµDµχaI

−1
2

! ø" aI #! #µ $ J
! ! b

IJ Pab
µ − i

2
! ø" aI #3#µ $ J

2 ! b
IJ Pab

µ−1
4

ρ2/3 χ̄aIγ3γνγµψJ
ν Γbc

IJ ϕabc
µ − i

12
ρ2/3 χ̄aIγµψJ

2 Γbc
IJ ϕabc

µ

+
i
54

! 2/ 3 "̄ I
2#3#µ " J

2 Γabc
IJ $abc

µ +
1
24

! 2/ 3 "̄ I
2

(
#µ #! !

1
3

#! #µ
)

" J
! Γabc

IJ $abc
µ

+
i

2
ρ2/ 3 χ̄aI γ3γµ χbJ Γc

IJ ϕabc
µ − i

24
ρ2/ 3 χ̄aI γ3γµ χaJ Γbcd

IJ ϕbcd
µ

fermionic part :

off-shell symmetry SL(9) ! T84 gauging⊃ SO(9)

84 !  84 !  84          1
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2012 :  constructing SO(9) supergravity

!
SL(9) ! T84"

/SO(9)coset sigma model with WZW term

   “T-dual frame” :  

+
1

648
εµνεklmnpqrst φklm Dµφnpq Dνφrst

L = !
1
4
ρR +

1
4
ρ Pµ abP ab

µ +
1
12

ρ1/3 MilMjmMkn DµφijkDµφlmn

gauged

whereL0,cov is obtained by straightforward covariantization of (2.9) according to

∂µVk
a → DµVk

a ≡ ∂µVk
a − gAlm

µ θmk Vl
a ,

Q[ab]
µ + P (ab)

µ → Q[ab]
µ + P(ab)

µ ≡ V−1akDµVk
b ,

∂µφ
klm → Dµφ

klm ≡ ∂µφ
klm − 3g Ap[k

µ θpq φlm]q ,

ϕabc
µ → ϕ̃abc

µ ≡ Vklm
[abc]Dµφ

klm ,

Dµψ
I
ν → Dµψ

I
ν ≡ ∂µψ

I
ν +

1
4
ωµ

αβγαβ ψI
ν +

1
4
Qab

µ Γab
IJ ψJ

ν ,

Dµχ
aI → Dµχ

aI ≡ ∂µχ
aI +

1
4
ωµ

αβγαβ χaI + Qab
µ χbI +

1
4
Qbc

µ Γbc
IJ χaJ .(4.3)

Furthermore,

Fµν
kl ≡ 2∂µAν

kl + 2g θpq Aµ
p[kAν

l]q , (4.4)

deÞnes the non-abelian Þeld strength of the vectorsAµ
kl = Aµ

[kl], coupling in (4.2) to an
auxiliary Þeld Yk

l. In anticipation of the resulting structure we denote this auxiliary
Þeld by the same letter as the dual scalar potential deÞned in (2.14) above for the
ungauged theory. The general ansatz for the Yukawa-type couplingsLYuk in (4.2) is
the collection of the most general bilinear fermion couplings

e−1LYuk = −1
2

e−1ρ εµν
(

øψI
νψ

J
µBIJ + øψI

νγ
3ψJ

µ
÷BIJ − 2i øψI

2γνψ
J
µAIJ

)
+ iρ øψI

2γ
µψJ

µ
÷AIJ

+ iρ øχaIγµψJ
µCa

IJ − iρ øχaIγ3γµψJ
µ

÷Ca
IJ + ρ øψI

2ψ
J
2 DIJ + ρ øψI

2γ
3ψJ

2
÷DIJ

+ ρ øχaIψJ
2 Ea

IJ + ρ øχaIγ3ψJ
2

÷Ea
IJ + ρ øχaIχbJF ab

IJ + ρ øχaIγ3χbJ ÷F ab
IJ , (4.5)

with tensorsA, B, C, D, E, F depending on the scalar and auxiliary Þelds to be deter-
mined in the following. Their appearance in (4.5) implies certain symmetry properties
such as

B(IJ) = ÷D(IJ) = 0 = ÷B[IJ ] = D[IJ ] , F ij
IJ = F ji

JI , ÷F ij
IJ = − ÷F ji

JI , (4.6)

and

Γi
IJCi

IK = Γi
IJ

÷Ci
IK = 0 = Γi

IJF ij
IK = Γi

IJ
÷F ij
IK . (4.7)

As is standard in gauged supergravity, couplings of the type (4.5) induce a modiÞcation
of the fermionic supersymmetry transformation rules (2.11) by introduction of the so-
called fermion shifts according to

δεψ
I
µ = Dµε

I − 1
24

ρ−1/3Γabc
IJ

(
1
3
γµγ

ν + γνγµ

)
γ3εJ ϕ̃abc

ν + i
(
AIJ + ÷AIJγ3

)
γµε

J ,

δεψ
I
2 = − i

2
ρ−1 (∂µρ) γ3γµεI +

(
BIJ + ÷BIJ γ3

)
εJ ,

δεχ
aI =

i

2
Γb

IJ γµεJPab
µ −

i

6
ρ−1/3

(
δadΓbc

IJ −
1
6

Γabcd
IJ

)
γ3γµεJ ϕ̃bcd

µ +
(
Ca

IJ + ÷Ca
IJγ3

)
εJ ,

(4.8)

13

calculation and reads

AIJ =
7

9
δIJ b− 5

9
! a

IJ ba +
1

9
! abcd

IJ babcd ,

ÃIJ =
2

9
! ab

IJ bab− 4

9
! abc

IJ babc ,

BIJ = ! ab
IJ bab + ! abc

IJ babc ,

B̃IJ = δIJ b + ! a
IJ ba + ! abcd

IJ babcd ,

Ca
IJ =

8

9
δIJ ba − 1

9
! ab

IJ bb +
20

9
! bcd

IJ babcd− 4

9
! abcde

IJ bbcde+ cab ! b
IJ ,

C̃a
IJ = −14

9
! b

IJ bab +
2

9
! abc

IJ bbc +
2

3
! bc

IJ babc− 1

9
! abcd

IJ bbcd + ca,bc ! bc
IJ ,

DIJ =
14

81
δIJ b− 70

81
! a
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8

81
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81
! ab

IJ bab− 20

81
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26

9
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19
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IJ babc− 2 cc,ab ! c

IJ , (4.16)

expressed in terms of the SO(9)K irreducible tensors

b =
1

4
ρ−2/ 9 T ,

ba = −ρ−14/ 9 V−1km
bcθml ϕabcYk

l +
1

144
ρ−14/ 9 εbcdefghij T kl ϕkef ϕlghϕaij ϕbcd ,

bab = −1

2
ρ−11/ 9 V−1[km ]

ab θml Yk
l +

1

144
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where we have defined

T ab ≡ V−1(kl )
ab θkl , T ≡ T aa , ϕabc≡ V[klm ]

abcφklm . (4.18)

It may seem remarkable, that the highly overdetermined system (B.1)–(B.3) for the

Yukawa tensors admits a non-trivial solution (4.16), (4.17). In fact, this is a confirma-

tion that the algebraic framework which determines the gauge couplings based on the

underlying a" ne symmetry [22] is indeed compatible with supersymmetry.
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IJ babc ,

B̃IJ = δIJ b + Γa
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fermion couplings and Yukawa terms
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2012 :  constructing SO(9) supergravity

!
SL(9) ! T84"

/SO(9)coset sigma model with WZW term

   “T-dual frame” :  

+
1

648
εµνεklmnpqrst φklm Dµφnpq Dνφrst

L = !
1
4
ρR +

1
4
ρ Pµ abP ab

µ +
1
12

ρ1/3 MilMjmMkn DµφijkDµφlmn

gauged

vector fields couple via

LF = εµν Fµν
mn Ymn with auxiliary (dual scalar) fields Ymn

scalar potential

the dilaton powers precisely support the correct DW solution (near horizon of AdS2 x S8)

−! −13/9 TacT bc YadYbd + O(" 3)

Y ! V TY V

T !
(
VTV

)−1

! ≡ " · V

Vpot =
1
8

ρ5/9
!

(tr T )2 − 2 tr( T 2) + 18 ρ−2/3 T d[aϕbc]dT eaϕbce − 16ρ−2/3 T d[bϕc]adT ebϕcae
"

eighth order polynomial in φ
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2012 :  constructing SO(9) supergravity

!
SL(9) ! T84"

/SO(9)coset sigma model with WZW term

different presentations

+
1

648
εµνεklmnpqrst φklm Dµφnpq Dνφrst

L = !
1
4
ρR +

1
4
ρ Pµ abP ab

µ +
1
12

ρ1/3 MilMjmMkn DµφijkDµφlmn

gauged

+ εµν Fµν
mn Ymn + Vpot (ρ,V, φ,Y)

integrate out the vector fields

LT = !
1
4

!R + Gij (!, V, ", Y) #µ Φi #µ Φj + $µ! Bij (!, V, ", Y) #µ Φi #! Φj + Vpot(!, V, ", Y)

ungauged sigma model on a different target space

Aµ
mn

integrate out the auxiliary scalars

L2 = − 1
4
ρR + Fµ!

mn F µ! kl Rmn,kl (ρ,V, φ) + . . . + Ṽpot(ρ,V, φ)

gauged sigma model coupled to d=2 SYM

Ymn
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concluding

    maximally supersymmetric d=2 supergravity with gauge group SO(9) 
    last missing gauged supergravity around near-horizon geometries

SO(9) supergravity 

Henning Samtleben                                                                                      ENS Lyon

[Günaydin, Romans, Warner, 1985]  D3 IIB AdS5 x S5 d=5, SO(6)

Domain wall / QFT correspondence

[H.J. Boonstra, K. Skenderis, P. Townsend, 1999]  

holography for Dp-branes

1998

[Hull, 1984]  

[de Wit, Nicolai, 1982]  

[Pernici, Pilch, van Nieuwenhuizen, 1984]  

[Salam, Sezgin, 1984]  D6 IIA AdS8 x S2 d=8, SO(3)

D5 IIB AdS7 x S3 d=7, SO(4)

D4 IIA AdS6 x S4 d=6, SO(5)

D2 IIA AdS4 x S6 d=4, SO(7)

F1/D1 IIA/B AdS3 x S7 d=3, SO(8)

D0 IIA AdS2 x S8 d=2, SO(9)

warped

[Samtleben, Weidner, 2005]  

    mission completed ... 
    holography :  d=1 supersymmetric matrix quantum mechanics ...!
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concluding

    maximally supersymmetric d=2 supergravity with gauge group SO(9) 
    last missing gauged supergravity around near-horizon geometries

SO(9) supergravity 

we came here by a wonderful detour via three (and many other) dimensions

sufficient material for the next anniversaries ...

Happy Birthday, Hermann !   (in all dimensions)

which is still awaiting its embedding/interpretation in higher dimensions, 
string theory, holography, ...    (matrix string theory, double field theory, ...???)

with Hermann via the        d=3, SO(8) x SO(8) theory    

    holography :  d=1 supersymmetric matrix quantum mechanics ...!


